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Purpose: Patients requiring surgery are naturally attracted to shorter incisions because they tend to cause less pain and are
esthetically more appeasing. To substantially shorten the length of standard skin incisions (4 to 7 inches) for carotid
endarterectomy (CEA), we used preoperative duplex scanning to outline the carotid bifurcation as well as to determine
the extent of disease in both the internal and common carotid arteries.
Methods: During the last 21 months, 265 consecutive primary CEAs were performed in 253 patients (mean age 72  10
years) at a single institution. Of these, 142 were men (56%). Hypertension, coronary artery disease, diabetes mellitus,
smoking, and chronic renal failure were present in 81%, 44%, 43%, 28%, and 19% of the patients, respectively.
Neurologically asymptomatic patients accounted for 71% of the cases. All patients received general anesthesia. Duplex-
assisted skin markings of the diseased carotid artery were performed after proper patient positioning on the operating
table. Synthetic patches were routinely used, and intraluminal shunts were deemed necessary by low stump pressures in
64 cases (24%). Completion duplex scanning was performed in all cases.
Results: The length of the longitudinal skin incision varied from 0.8 to 3.5 inches (average 1.4  0.5 inches). It was <1
inch in 56 cases (21%), 1.1 to 1.5 inches in 110 (42%), 1.6 to 2 inches in 85 (32%), and 2.1 to 3.5 inches in the remaining
14 cases (5%). Intraluminal shunts were required in 9 (16%), 18 (16%), 29 (34%), and 8 (57%) of the cases, respectively.
Incisions were longer in cases requiring an indwelling shunt (1.6  0.6 inches vs 1.4  0.4 inches) (P < .0001). The
average patch length was 1.3  0.3 inches (range, 0.7 to 2.6 inches). The skin incision averaged 1.54  0.45 inches for
the first 133 cases and 1.35 0.45 inches for the remaining 132 cases (P< .0001). Technical defects occurred in 10 cases
(3.8%). The overall incidence of ipsilateral stroke and death was 1.9% and 0%. There were no technical defects or strokes
in patients with the shortest incisions (<1 inch). Overall, there were three transitory peripheral nerve injuries (1.1%). A
comparative analysis with 265 consecutive CEAs performed immediately before this series without duplex-assisted skin
markings revealed no significant differences in age (71  11 years), incidence of neurologically symptomatic patients
(26%), sex (60% men), shunt use (24%), and major technical defects (3%). Also, postoperative transitory peripheral nerve
injury (0.8%), stroke (0%), and death (0%) were not significantly different from the duplex-assisted group. It is of interest
to note that none of the former cases was performed with a skin incision <2 inches.
Conclusion: Most CEAs (95%) can safely be performed with <2-inch skin incisions. Pre-CEA duplex-assisted skin
marking is a novel approach that confirms the side of the operation, localizes the disease, and minimizes the magnitude
of the operation via shorter, more esthetically pleasing incisions. ( J Vasc Surg 2005;42:1089–93.)In a review of previous reports, we noted that while
excellent results could be obtained withmodern techniques
of CEA,1-3placement of the incision has not been well
planned. A large incision may not be necessary for short
focal bifurcation disease, and limited incisions can result in
extensions proximally or distally because the initial incision
is often not overlying the area of disease or fails to identify
the anatomy clearly. Because a duplex machine is available
in the operating room at all times, and all of the attending
vascular surgeons and vascular fellows on our staff are able
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bifurcation preoperatively to facilitate accurate placement
of the incision and limit its length.
METHODS
During the previous 21 months, 265 consecutive pri-
mary CEAs were performed in 253 patients at a single
institution. Patients were 48 to 95 years old (mean age, 72
 10 years), and 142 were men (56%). Hypertension,
coronary artery disease, diabetes mellitus, smoking, and
chronic renal failure were present in 81%, 44%, 43%, 28%
and 19% of the patients, respectively. Neurologically
asymptomatic patients accounted for 71% of the cases.
Duplex-assisted skin markings of the diseased carotid
artery were performed after proper patient positioning on
the operating table. All patients received general anesthesia.
After its induction, the duplex machine for the operating
room, an ATL-5000 with SonoCT (Philips Medical Sys-
tems, Bothell, Wash), was used to mark the location of the
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depth of the artery was assessed. This information was used
to prepare and drape the patient, and the limited skin
incision was performed over the bifurcation. The length of
the skin incision was measured before the skin was re-
tracted. If at any time during the procedure the operating
surgeon thought that the length of the incision was limiting
the exposure, the incision was lengthened and the addi-
tional length was recorded.
Some of the changes needed with this protocol in-
cluded the use of smaller retractors due to the limited space
available compared with our prior experience. As is our
routine, no external carotid endarterectomies were per-
formed in this series.4 We routinely used synthetic patches
(Vascutek Terumo, Ann Arbor, Mi). Indwelling shunt
placement was required in 64 cases (24%) when internal
carotid artery (ICA) back pressure was50mmHg. Forty-
three redundant ICAs (13%) were repaired by a posterior
transverse plication (PTP) (36 cases) or resection (7 cases).
Tacking sutures to prevent intimal flap formation were
placed in 44 cases, with 20 in the ICA and the remaining 24
in the common carotid artery (CCA). Completion duplex
scanning was performed in all cases.5,6
Statistical analysis was performed by using 2 analysis
and the Student’s t test with the WINKS 4.21 program
(TexaSoft, Cedar Hill, Tex) and GraphPad Instat 2.05a
program (GraphPad, San Diego, Calif).
RESULTS
The length of the longitudinal skin incision varied from
0.8 to 3.5 inches (average, 1.4 0.5 inches. It was1 inch
in 56 cases (21%), 1.1 to 1.5 inches in 110 (42%), 1.6 to 2
inches in 85 (32%), and from 2.1 to 3.5 inches in the
remaining 14 cases (5%). Intraluminal shunts were required
in 9 (16%), 18 (16%), 29 (34%), and 8 (57%) of the cases,
respectively. Longer incisions were required when an in-
dwelling shunt was used (1.6  0.6 inches with a shunt vs
1.4  0.4 inches without a shunt) (P  .0001). The
average patch length was 1.3  0.3 inches (range, 0.7 to
2.6 inches). The skin incision averaged 1.54 0.45 inches
for the first 133 cases and 1.35  0.45 inches for the
remaining 132 cases (P  .0001).
Technical defects detected by completion duplex oc-
curred in 10 cases (3.8%), three of which were considered
significant and were immediately repaired. Major technical
defects noted on completion duplex scans were one CCA
flap due to shunt and nine ICA flaps. All of these were
repaired immediately.
One patient with a defect had a postoperative cerebro-
vascular accident. The overall incidence of ipsilateral stroke
and death was 1.9% and 0%. The strokes consisted of one
ICA thrombosis in the recovery room, one cerebral hyper-
perfusion syndrome in the recovery room, one with distal
ICA shunt injury that was repaired, one episode of monoc-
ular blindness after preoperative amaurosis fugax, and one
intraoperative stroke with extensive CCA disease. There
were no technical defects or strokes in patients with theshortest incisions (1 inch). Overall, three transitory pe-
ripheral nerve injuries occurred (1.1%).
The length of the skin incision was not influenced by
whether a posterior transverse plication (PTP)/resection
was needed (1.47  0.49 inches with; 1.51  0.51 inches
without) (P  .6). The length of the patch was not influ-
enced by whether a PTP/resection was needed (1.20 
0.44 inches with; 1.3  0.32 inches without) (P  .2). As
our experience evolved, the skin incision became shorter,
averaging 1.9  0.47 inches for the first half of the cases
and 1.57 0.43 inches for the second half (P .0001). In
35% of the cases, the incision was shorter than the patch
length. The difference between patch length and incision
length was up to 1.1 inches.
Upon follow-up, a distal ICA restenosis (75% to 85%
with a peak systolic velocity of 327 cm/s) developed in one
patient after 7 months. The results of postoperative com-
pletion duplex examinations in the operating room and in
the office were normal. The patient underwent a balloon
angioplasty with stent and has done well. Thirty patients
(11%) have been lost to follow-up. A comparative analysis
with 265 consecutive CEAs performed immediately before
this series without duplex-assisted skin markings revealed
no significant differences in age (71  11 years), incidence
of neurologically symptomatic patients (26%), sex (60%
males), shunt use (24%), and major technical defects (3%).
Also, postoperative transitory peripheral nerve injury
(0.8%), stroke (0%), and death (0.4%) were not significantly
different from the current duplex-assisted group. It is of
interest to note that none of the former 265 cases was
performed with a skin incision 2 inches.
Figs 1 and 2 demonstrate some examples of a standard
incision with the traditional approach and that of the du-
plex-guided approach.
DISCUSSION
Some of the advantages of this protocol include allow-
Fig 1. An incision performed another institution for a right ca-
rotid endarterectomy.ing the surgeon to localize the bifurcation and assess the
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extensive, the surgeon may choose to make a longer inci-
sion from the onset. If a shunt were needed, we would often
extend the incision to facilitate its placement. If at any point
the surgeon deemed it necessary to extend the incision, the
additional length was recorded. Thus, the length of the
original incision was by no means used as a restriction but
only as a method of identifying the bifurcation. By using
minimal skin incisions, the CEAmight be performed under
local anesthesia, especially in high-risk patients. This pro-
tocol takes minimal input from the operating team, because
once the surgeon becomes used to performing the exam, it
can take15 seconds to identify the bifurcation. Although
the follow-up in this series is limited, these data do suggest
that this protocol warrants further examination.
Other authors have also used preoperative magnetic
resonance imaging (MRI) to localize the carotid bifurca-
tion before CEA.7 In this series, the vertical distance be-
tween the midpoint of the C2 segment and the cervical
carotid bifurcation were measured on MR angiography
(MRA) images in five patients. This was used to place a
transverse incision before CEA. The intraoperative findings
of the location of the bifurcation and the measurements
based upon MRI were found to have an excellent correla-
tion. In our series, we have used a much simpler tech-
nique—duplex imaging performed by the operating sur-
geon—to place the vertical incision. Since we only used
MRA of the carotid arteries if duplex imaging was not able
to assess the degree of disease, 10% of our CEA patients
have a preoperative MRA.8
Because of laxity of local skin in the neck, at times one
can place a longer patch than the length of the incision.
This can be accomplished by retracting the skin superiorly
and inferiorly, as needed. In addition, the incision can be
temporarily stretched, as we found that if the incision is
measured after retraction, the length was longer than the
Fig 2. An incision performed at our institution with duplex ultra-
sound guidance.initial measurement. After the wound is closed and hashealed, the length seems to return to the baseline measure-
ments. Furthermore, with the limited exposure and retrac-
tion, we were initially concerned that incidence of local skin
injury, technical defects, transitory peripheral nerve injury,
and cerebrovascular accident would be increased. This has
not been borne out in our review of the data, however.
A similar type of experience has also been borne out by
prior authors who performed CEA through a transverse
incision with no increase in transitory peripheral nerve
injury, stroke and mortality.9,10 Obviously, performing
CEAwith a transverse incision involves some retraction and
stretching, arguably even more than that associated with a
limited vertical incision.
Prior data have suggested that patient assessment of the
cosmesis of the incision and pain is superior when compar-
ing transverse and traditional long vertical incisions. We
also submit that the cosmesis of the mini-skin incision may
be superior to the traditional vertical incision. Further-
more, we found that the traditional long incision from the
sternal notch to the mastoid is simply unnecessary. This
smaller incision should be associated with less local numb-
ness and scarring.
Most prior literature examining duplex imaging has
focused on its role in the diagnosis of carotid disease as a
sole imaging modality. Indeed, fewer and fewer centers are
using contrast arteriography before CEA. Furthermore,
Wain et al,11 have noted that duplex imaging can assess
anatomic features of carotid disease such as a high carotid
bifurcation, excessive distal extent of plaque, small diame-
ter, or redundant or kinked ICA accurately compared with
intraoperative findings. Our protocol attempts to extend
the role of duplex imaging from that of a preoperative
diagnostic tool to that of an integral part of the procedure
itself. In addition, by limiting the exposure solely to the
diseased area, this protocol further extends the recent trend
to simplify the procedure of CEA.12
CONCLUSION
We suggest that mini-skin incision carotid endarterec-
tomy is a safe alternative to standard carotid endarterec-
tomy. This is performed by utilizing duplex ultrasound
scanning to confirm the side of the operation, localize the
disease, and minimize the magnitude of the operation via
shorter incisions.
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Dr R. Clement Darling, III (Albany, NY). That was a very
nice presentation, Dr Hingorani. Once again, Dr Ascher’s and Dr
Hingorani’s group have brought us a new innovation in vascular
surgery, and it’s very nice to actually see people who keep progress-
ing the field. I have a few quick questions for Dr Hingorani.
Besides localizing the bifurcation at the time of surgery, do
you also evaluate the extent of disease using the ultrasound and
does this change your approach and what length of incision you
make?
And with this limited exposure, does this increase the risk of
distal restenosis and have you looked at any of these trends?
Much like you, we have actually tried to adopt a smaller
incision for carotid endarterectomy.One of the big complaints that
the cardiologists and others have about minimally invasive inter-
ventions is that you have a big scar on your neck. So we try to do a
smaller incision. And we found that actually using the eversion
endarterectomy, when you transect the internal, you pull the
internal out of the wound and actually most of the operation is
above the skin. I was wondering if you ever thought about using
this technique, as it may limit your skin incision, and use it as an
alternative to the posterior plication, which you noted in your text.
And lastly, how do you code and bill for the ultrasound in the
intraoperative period? And do you get reimbursed for this, or do
you just do this to minimize the incision at the time of operation?
Again, I want to thank you very much for giving me the
manuscript before and thank the Society for lettingme discuss your
paper.
Dr Hingorani. At the initial part of the procedure, when we
are doing the duplex, not only can we identify the bifurcation, but
we also make a point to try to assess the length of the lesion. And
like you, we also try to dissect proximally and distally beyond the
lesion, and that does tend to bring the artery up into the field
somewhat so that it is much closer to the level of the skin. Of
course, after you are done with the procedure, it just drops back
down.
We have not studied the long-term results in terms of reste-
nosis, but that would definitely be something that we would be
interested in looking at to see if there is any effect. We suspect,
since the procedure itself is unchanged, we don’t think it is going
to be that much different, at least based on the initial data from Dr
Kent’s group looking at doing carotid endarterectomy through
transverse incisions and other groups that have looked at transverse
incisions where they found no long-term differences. I don’t
believe that we will see that much difference either with this or
another technique with smaller incisions.
In terms of coding and billing for the procedure, no, I don’t
believe that you can bill for this part of the procedure, especially
since we are already doing completion duplex routinely.I think if we ask everybody in the audience, most of them will
be doing this using less than 2 inches.
My first question is:Was there any difference in painmediation
requirements between your 1- to 2-inch incisions in this group?
The second question is: Was your time to complete these
procedures different? It seemed like your 1-inch incisions had the
best anatomy, like plaque localized to bifurcation; however, was
there more struggle, meaning did it take you longer to complete
the procedures through 1-inch incisions?
Dr Hingorani.
Those are excellent questions. Subjectively, we haven’t tried to
grade the patients’ pain as others have tried to do. But subjectively,
they seem quite similar. I haven’t noticed that the patients seem to
require more post-op pain medications in the recovery room or
thereafter. In fact, of all things, they seem to have less numbness in
the long term when they can come back to the office just because
you are cutting fewer nerves.
In terms of the time of the procedure, I don’t think it is that
much difference in terms of the dissection, quite honestly. Once
you get used to it, it is actually fairly straightforward, even through
a limited incision. So I don’t believe after you get over the learning
curve of actually doing the procedure through a limited incision,
that the time of the procedure is that much different. But that
would be interesting to look at the operative times of these
procedures as compared to our prior data.
Dr Herbert Dardik (Englewood, NJ).
It is hard to argue with your results, but I am going to do that
because my policy with carotid exposure has always been go higher
and lower than you think. The disease process is not just 2
centimeters or less. It is true that you can move an incision up and
down, but many patients have stiff and fat necks that won’t turn.
We need to see the sternomastoid branches, be able to rotate the
hypoglossal, and place the proximal clamp low downwhere there is
virtually no disease. This is also true for the upper clamp. I am not
convinced that another inch for the initial incision is going to really
hurt the situation. A 6-inch incision, yes, I agree with you; 2
inches, not enough.
Regarding post-op analgesia, if you inject a littleMarcaine into
the wound at the conclusion of the operation, patients have
virtually no pain no matter the length of the wound.
Dr Hingorani. I tend to agree that you need to be careful
with the technique and make sure that you get the anatomy down,
as the last two discussants had suggested.
When you do your duplex, looking at the depth of the artery I
think is important. For the short, fat necks, I do tend to make a
longer incision, just because I think if you make too small an
incision you are endangering the quality of the procedure and
making the procedure last longer than you need to. So yes, we do
make the incision longer if we feel that we need to.
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much that you need to make a 6-inch incision to do your
procedure. Yet we still see this happening. And I don’t think
that you really need that. If you can identify the lesion and know
where the bifurcation is from the get-go, just go directly there
and do the procedure you need to do. Don’t change your
procedure, but go to the lesion directly and know that it is a low
bifurcation or it is going to be a high bifurcation and mark it
right away. There is no reason not to do it, especially when the
duplex machine is readily available.
Dr Bruce Perler (Baltimore, Md). It has been my experience
that in the average neck, you can fairly accurately palpate where the
bifurcation is. And if that is the case, you can make a short incision
and then extend it based upon what you find at surgery.So my question is: What does the duplex really add if you are
reasonably accurate, with experience, in identifying the bifurcation
by palpation before you make an incision?
Dr Hingorani. I found that helpful in some cases. But on
some cases, I found that to be misleading, quite honestly. In a
patient who has a severely calcified artery, you might have prob-
lems. In a really short, fat neck, as in some of the Russian patients
in Brooklyn, you might have some problems trying to identify the
anatomy. Sometimes you can barely figure out where the sterno-
cleidomastoid is in these patients.
Dr Ali F. AbuRahma (New York, NY). I have only one
comment to make. The presenter used the term CVA frequently
throughout his presentation. The term stroke should be used instead
of CVA, as recommended by the Stroke Council over 10 years ago.
